Purpose: Lateral Epicondylitis (LE) or tennis elbow is one of the most frequent complications in the general population. Moreover, it is one of the most common lesions in the work-related upper limb. This disease has a significant impact on the daily activities of individuals and their performance. The most frequent problem in patients with LE is pain in the proximal forearm. The current study evaluated and compared a simple proximal forearm strap and a counterforce brace combined with Low Level Laser Therapy (LLLT).
Introduction
ateral Epicondylitis (LE) or tennis elbow is caused by the excessive rotation of forearm and excessive use of extensor tendons [1, 2] . Its prevalence in the general population, in jobs requiring repetitive tasks, and in tennis players are 3-8%, 15% and 50%, respectively. It is common in people aged 35-55 years; it is almost twice as frequent in the dominant hand, compared to the non-dominant hand [3] [4] [5] . LE is one of the most common causes of lateral elbow pain. The amount of pain increases with active plantar extension, supination, grip strength, or resistance to wrist extension during exercise, daily activities and heavy work [1, 2] . Some common and effective treatments for LE include resting, non-steroidal anti-inflammatory medications, physiotherapy, exercise therapy, massage, corticosteroid injection (topical injection), ultrasound, laser therapy, braces, and surgery. Among these, laser therapy and proximal forearm strap have been reported as effective methods that reduce pain, increase grip strength, improve performance and the quality of life in people with LE [6] .
Using proximal forearm strap (circumferential forearm band, forearm strap, or forearm support band) is one of the most commonly used orthosis treatments. It creates a secondary source and eliminates pressure on the muscle's primary source. Evaluating the combined effect of laser therapy and wearing braces has been neglected. Thus, this study examined the simultaneous effect of using Low Level Laser Therapy (LLLT) and proximal forearm strap on LE. Moreover, we compared its effect with a conventional counterforce brace that reduces the pressure and contraction on the muscle's primary source by creating a secondary source.
Materials and Methods
The study population consisted of patients with LE, who referred to clinics and private centers in Tehran City, Iran, in 2016. Of them, 26 were selected as study samples who aged 30-55 years [7] and reported pain in the lateral epicondyle of the humerus which aggravated by pressure on the epicondyle and was resistant to wrist extension. The exclusion criteria consisted of receiving any treatment for the condition in the past month; having a history of fracture, dislocation, half dislocation, osteoarthritis or elbow surgery [8] ; limited elbow mobility, or suffering from arthritic diseases [5] .
Of the 26 samples, one patient left the study. The remaining were divided into two groups randomly and using random number table. The remained 25 samples were randomly divided into two groups. By a random number table, the first group (n=13; Mean±SD age=43.69±6.56 y) used simple counterforce braces; they were all righthanded and 70% of them had involvement in the right
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• Lateral Epicondylitis (LE) or tennis elbow is caused by the excessive rotation of the forearm and or excessive use of extensor tendons.
• Using proximal forearm strap (circumferential forearm band, forearm strap, or forearm support band) is one of the most commonly used orthosis treatments.
• Among all different interventions, laser therapy, and proximal forearm strap have been reported as effective methods that reduce pain, increase grip strength, and improve performance and the quality of life in people with LE.
• The present study revealed a significant improvement in all three parameters of pain, grip strength, and disability in patients with LE after the treatment by both conventional and designed counter force braces.
Plain Language Summary
Laser therapy and proximal forearm strap have been reported as effective methods in reducing pain, increasing grip strength, and improving performance and the quality of life in people with lateral epicondylitis or tennis elbow. The present study revealed a significant improvement in all three parameters of pain, grip strength, and disability in patients with tennis elbow after the treatment by both conventional and designed counter force braces hand. The second group participants (n=12; Mean±SD age=45.25±7.30 y) used counterforce brace with LLLT; 83% of them were right-handed and 75% had involvement in the right hand. All of the study patients underwent clinical examinations for ensuring the correct diagnosis of disease [9, 10] .
A duration of 4 weeks was considered to evaluate the effects of treatments on EL [11] . The study subjects were trained to use a simple counterforce brace for at least 6 hours per day and the designed brace for 30 min per day.
A tennis elbow brace with a low level laser (3 Jules and a 904-nm frequency) has been previously designed and constructed to simultaneously perform the orthotics and electrotherapy [12] . For this purpose, infrared LEDs have been used. For examining the simultaneous effect of laser therapy and brace, a new forearm strap was designed. The designed forearm strap consisted of a counterforce brace (available in different sizes) equipped with 4 LEDs, a socket and a rechargeable battery ( Figure  1 ). Based on a predicted theory, infrared light which is currently used in physiotherapy can reduce inflammation and improve the recovery speed of damaged tissue. This process is the result of affecting the surface neuron terminals and increasing blood flow to tissues and the dispersion of accumulated materials causing pain in tissues. Moreover, orthotics decrease the forces in the epicondylar region by applying counterforce pressure on the muscular bulk at the bottom of lateral epicondyle; it can relieve pain and improve recovery speed.
To ensure the reliability of laser function, the patient was requested to look at the LEDs of brace in the day using a mobile camera (not iPhone) capable of recording infrared light. The laser therapy and its accuracy were followed-up by an experienced researcher during the treatment. No failure was reported. The researcher also checked the LEDs of all braces and observed that all were working correctly.
Clinical tests were performed and demographic characteristics were recorded. Moreover, to obtain clinical results on grip strength, pain and disability, Jamar Digital Hand Dynamometer, Visual Analog Scale (VAS), and the Disabilities of Arm, Shoulder, and Hand (DASH) questionnaire were used, respectively [13] [14] [15] [16] . Clinical results were measured and compared once before the intervention and once after 4 weeks of use [11] . The digital dynamometer was first constructed by Bechtel Corporation in 1945 and is one of the most reliable tools to measure hand strength [14] . The patient holds the dynamometer in the hand and presses it three times for 5 minutes; eventually, the average score of three assessments is recorded. The VAS consists of a 10-cm line with labels at the end, as follows: "0" represents no pain, "1-3", mild pain; "4-6", moderate pain; and "7-10", severe pain [13] . The DASH questionnaire has 30 items with accep validity and reliability [15, 16] .
Considering the normal data distribution (except for "grip strength" before using the conventional brace, and "disability" before using the designed brace), Paired Samples t-test and Independent Samples t-test were applied for comparing the obtained data. For the two variables (P<0.05), non-parametric tests were employed. Table 1 presents the descriptive statistics for age, height, weight, Body Mass Index (BMI), the involvement level of right and left hands, and the duration of brace use. No significant difference was observed between the two study groups in terms of age, weight, BMI, and the parameters of pain, disability and grip strength. This finding indicates the homogeneity and similarity of patients in the two groups.
Results
The Mean±SD pretest grip strength score of those who used simple counterforce braces was 8.20±3.21 which increased to 8.98±2.97 after 4 weeks of use. In the study participants who used the counterforce braces with LLLT, the Mean±SD pretest grip strength score was 8.76±1.98 and their Mean±SD posttest score was 12.48±1.98. The improvement of grip strength was observed in both groups. Considering P=0.02, there was a significant difference between the two groups (P<0.05).
The Mean±SD pain score in the group who used conventional braces reduced from 6.61±1.55 before conducting the treatment to 3.76±1.87 after the treatment. In the group who used braces with LLLT, the Mean±SD pain score reduced from 7.16±2.03 to 2.58±0.99 after the treatment. Both types of used braces could reduce pain in Figure 1 . Constructed counterforce brace with LLLT the subjects; however, the difference between them was not statistically significant (P=0.66) ( Table 2 ).
Regarding the assessment of disability, the Mean±SD disability value significantly decreased in both groups (P<0.05). In the group who used simple braces, the pretest Mean±SD disability score was 48.27±11.18; after 4 weeks of use, it was reported equal to 34.92±0.19. In the group who used designed braces, the Mean±SD disability scores reduced from 51.41±14.51 to 33.58±10.84 after conducting the treatment. However, the difference between the two groups was not statistically significant (P=0.75) ( Table 2 ).
Discussion
The present study revealed a significant improvement in all three parameters of pain, grip strength and disability in patients with LE after the treatment by both conventional and designed counterforce braces (no significant improvement was found in grip strength variable before and after using conventional braces). Both braces could significantly improve pain and performance in the study participants; however, no significant difference was reported between the two tested braces. Only in terms of grip strength, the designed forearm strap with LLLT had significant effects, compared to its conventional type (P=0.02). Although it also improved pain and reduced disability in the patients with LE, its effect was not statistically significant. Due to the small sample size and short project duration, only the short-term effects of treatments were evaluated. By increasing the sample size and study duration, and considering the closeness of the results in examining the two parameters of pain and disability, more reliable data can be obtained. Data are presented as Mean±SD. Data are presented as Mean±SD.
effect of a forearm strap on the reduction of pain. Applying a conventional tennis elbow brace is helpful in reducing pain due to changing the original source of the extensor compartment muscles of the forearm. By this change, the inflamed part of the muscle relaxes and pain is reduced, consequently.
Results of Chang et al., Lam and Cheing, and Bjordal et al. who investigated the effect of LLLT are in line with our findings regarding pain assessment [20] [21] [22] . Histological studies suggested that after laser radiation, the amount of prostaglandin E2 decreases dramatically; thus, it prevents vessel dilation and inflammation [3] . According to Lam and Cheing, and Bjordal et al. LLLT is a safe and effective method [21, 22] . By increasing blood flow and improving tissue oxygenation, it prevents hypoxia and tissue fatigue and reduces pain in the trigger points [3, 21] . Our obtained results were inconsistent with the results of Basford et al. (2000) . This is because after using LLLT, they found no difference in pain score between the treated and untreated subjects. In the study of Dundar et al., a significant reduction in pain has been reported after using brace and laser therapy [6] .
Two meta-analysis studies reported positive effects of treatment with counterforce brace on the improvement of pain and grip strength [23] . Our obtained results regarding grip strength are consistent with the findings of Lam [24] , but inconsistent with those of Dundar and colleagues [6] . They reported no significant difference between the group using lateral counterforce brace and those receiving high-intensity laser therapy, in terms of grip strength. Bisset et al. compared two types of brace (simple proximal forearm brace vs. elbow brace). In line with our obtained data, they reported the conventional brace immediately increases the grip strength. However, there was no significant difference between the brace users and controls [4] . Relieved pain and reduced inflammation can be possible reasons for improved grip strength. Muscles involved in gripping strength were improved using braces and showed increased strength. Therefore, the use of both brace and laser therapy can be considered as non-invasive, painless, affordable, accessible, and accepted interventions.
In respect of disability evaluation, our results are consistent with the findings of Struijs et al. [25] . They argued that the combination of brace treatment and physical therapy was superior to brace-only treatment on disability. The results of Bjordal et al. are also in agreement with this investigation [22] . They also reported less disability in groups using LLLT and braces. Reduced pain and increased strength in patients using braces are reasons for increased performance. Therefore, disability is likely to be reduced after pain relief. Individuals using braces, with less pain, are more capable of performing daily living activities and can perform their duties with more strength and less pain. In the study of Basford et al. (2000) , no significant difference was reported between LLLT and placebo groups in terms of performance; this can be due to their small sample size and short follow-up period.
There were several limitations to this study. Data on the simultaneous effect of brace and LLLT and their combined effect on people with LE are scarce. Moreover, there are contradictory results about the impact of LLLT on LE regarding dose, the duration of use and the frequency of laser [21, 26] . Some studies have also indicated the ineffectiveness of LLLT on LE [27, 28] . Not evaluating the long-term effects of using braces due to the time constraints, and having difficulty with preparing LEDs were other limitations of this study.
Future investigations are recommended to explore the long-term effects of braces on the studied variables. To determine which brace had a longer-lasting effect, designing a new brace combined with counterforce brace and wrist splint, as well as using both simultaneously, are suggested. Considering a larger sample size is also recommended.
Both studied braces could affect the three parameters of pain, disability and grip strength after 4 weeks of use. Their comparison suggested that counterforce brace with LLLT was superior to a simple counterforce brace only on grip strength.
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